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Abstract

Background: Maternal mental health problems in each of the prenatal period and postnatal period have been dem-
onstrated as possible risk factors for atopic dermatitis (AD) in children. However, the cumulative impacts of maternal
psychological distress in the prenatal and postnatal periods on AD in children remain unclear. This study examined
the association between cumulative exposure to maternal psychological distress in the prenatal and postnatal peri-
ods and the development of AD in children.

Methods: Data were derived from the Tohoku Medical Megabank Project Birth and Three-Generation Cohort Study
in Japan. In total, 8377 mother-child pairs in which the child had no AD at the age of 1year were analyzed. Maternal
psychological distress in early pregnancy and 1year after delivery was defined as a K6 score > 5, and the participants
were categorized into four groups: no psychological distress in both the prenatal and postnatal periods; only the pre-
natal period; only the postnatal period; and both periods. The development of AD was defined as the presence of AD
in a 2-year-old child without AD reported at the age of 1year using the International Study of Asthma and Allergies
in Childhood questionnaire. Generalized linear model analyses were conducted to examine the association between
maternal psychological distress and the development of AD in children adjusted for age at delivery, educational
attainment, smoking status in pregnancy, maternal history of AD, paternal history of AD, parity, maternal body mass
index, and child sex.

Results: Between the ages of 1 and 2years, 14.0% of children developed AD. Maternal psychological distress in both
prenatal and postnatal periods was associated with an increased risk of AD in children compared to no psychological
distress in both periods (relative risk (RR), 95% confidence interval (Cl): 1.34, 1.20-1.47). Maternal psychological distress
in only the postnatal period was associated with an increased risk of AD in children (RR, 95% Cl: 1.23, 1.07-1.39), but
not in only the prenatal period (RR, 95% Cl: 1.14, 0.98-1.30).
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Conclusions: Cumulative exposure to maternal psychological distress in the prenatal and postnatal periods was

associated with the development of AD in children.
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Psychological distress

Background

Atopic dermatitis (AD) is a common chronic inflam-
matory skin disorder characterized by clinical features
with remission and relapse of itch and eczematous
lesions [1]. AD is likely to have negative effects on
sleep, discrimination [1], and complexity of family rela-
tionships [2, 3]. Moreover, AD is often comorbid with
other atopic diseases such as asthma, allergic rhinitis,
wheeze, and food allergy [1]. AD is often observed in
children under the age of 5years [4], and the prevalence
tends to be higher than at older ages [5]. Up to approxi-
mately 20% of children are affected by AD worldwide
[1], and the national cohort study in Japan found that
15.3% of 2-year-old children had AD [5]. Considering
these circumstances, reducing the risk of developing
AD in children is a public health issue.

Maternal mental health problems have been exam-
ined as possible risk factors for AD in children [4].
Twelve studies have examined the association between
prenatal maternal mental health problems alone and
AD in children [6-17], and 10 of them showed that a
maternal mental health problem was associated with an
increased risk of AD in children [7-11, 13-17]. Recent
studies have shown that maternal cortisol is transmit-
ted to the fetus through the placenta. This leads to
changes in immune functions in the child, which sub-
sequently result in AD [4]. Additionally, three studies
showed that a postnatal maternal mental health prob-
lem alone was associated with an increased risk of AD
in children [16-18].

Considering maternal mental health through the peri-
natal period, some mothers experience mental health
problems through both the prenatal and postnatal peri-
ods [19]. However, no study has examined the cumulative
impacts of prenatal and postnatal maternal psychologi-
cal distress on AD in children as far as we know, whereas
only the cumulative impacts of prenatal and postna-
tal maternal mental health problems on wheeze [20]
and asthma [21] were examined. We hypothesized that
cumulative exposure to maternal psychological distress
through the prenatal and postnatal periods is associ-
ated with an increased risk of AD in children rather than
examining either prenatal or postnatal maternal psycho-
logical distress. Examining this association may empha-
size the importance of maternal mental health support
through both prenatal and postnatal periods.

The purpose of this study was therefore to examine
the cumulative impacts of prenatal and postnatal mater-
nal psychological distress on the development of AD in
children.

Methods

Study population

Data were derived from the Tohoku Medical Megabank
Project Birth and Three-Generation Cohort Study
(TMM BirThree Cohort Study). Detailed information
on the structure and aim of the TMM BirThree Cohort
Study can be found elsewhere [22]. This cohort recruited
pregnant women and their families from 2013 to 2017
at obstetrical clinics or hospitals in Miyagi Prefecture,
Japan. In consequence, a total of 32,968 eligible pregnant
women were contacted, and 23,406 pregnancies involv-
ing 23,730 fetuses were included (72.0% enrolled). Of
23,730 mother-child pairs, 910 pairs were excluded due
to withdrawal from participation, abortion, still birth,
or child death, no identification of childbirth status, and
mothers under 18years of age. Of the remaining 22,820
mother-child pairs, 11,122 pairs without AD at the age
of 1year were left. Subsequently, 709 mother-child pairs
who had missing data for the following variables were
excluded: smoking status in pregnancy, prenatal psycho-
logical distress, parity, maternal body mass index (BMI),
postnatal psychological distress, and educational attain-
ment. Of 10,413 mother-child pairs, 2036 pairs who had
missing data on AD at the age of 2years were excluded.
Thus, a total of 8377 mother-child pairs were analyzed
in this study (Fig. 1). The characteristics of participants
included and not included in the analysis are shown in
Additional file 1. There were differences between par-
ticipants and non-participants in maternal psychological
distress, age at delivery, educational attainment, smoking
status in pregnancy, maternal history of AD, paternal his-
tory of AD, maternal BMI, and child sex.

Ethical considerations

The TMM BirThree Cohort Study protocol was reviewed
and approved by the Ethics Committee of Tohoku Uni-
versity Tohoku Medical Megabank Organization (2013—
1-103-1). All participants provided their informed
consent at enrollment.
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Fig. 1 Flow diagram of participants in this study. “Data on smoking status and prenatal psychological distress were obtained from the
questionnaire in early pregnancy (< 14 weeks). ®Data on parity and maternal BMI at enrollment were obtained from the medical record. “Data on
postnatal psychological distress, educational attainment, and maternal and paternal histories of AD were obtained from the questionnaire at 1year
after delivery. 9Data on child AD at the age of 1year were obtained from the questionnaire at the age of 1 year. ®Data on child AD at the age of
2years were obtained from the questionnaire at the age of 2 years. AD = atopic dermatitis, BMI =body mass index

Variables

In early pregnancy (<14 weeks) and 1year after delivery,
mothers responded to the Japanese version of the K6
scale [23, 24]. The K6 scale consists of six questions ask-
ing about the frequency that mothers experienced symp-
toms of psychological distress during the past 30 days, as
follows: nervous, hopeless, restless or fidgety, depressed
that nothing could cheer me up, everything was an effort,
and worthless. The responses ranged from 0 to 24 using
a 5-point Likert scale for each question: “none of the
time” (0 points); “a little of the time” (1 point); “some of
the time” (2 points); “most of the time” (3 points); and
“all of the time” (4 points). A higher total score indicates
a worse mental health status. The focus of this study was
on a state of psychological distress that is described as a
set of painful mental and physical conditions [25]. It is
stated that people who have any mental health problems
have psychological distress as a principal factor [23]. In
this study, mothers with a K6 score>5 were classified
as having psychological distress [26]. Maternal psycho-
logical distress was categorized into four groups based
on previous studies examining the cumulative impacts on

other outcomes [27, 28]: no psychological distress in both
prenatal and postnatal periods; psychological distress in
only the prenatal period; psychological distress in only
the postnatal period; and psychological distress in both
the prenatal and postnatal periods.

The presence of AD was assessed by the mother using
the International Study of Asthma and Allergies in Child-
hood (ISAAC) questionnaire when the child was 1 and
2years of age [29]. The questionnaire consists of the fol-
lowing questions: 1) ‘Has your child ever had an itchy
rash which was coming and going for at least 6 months?’;
2) ‘Has your child had this itchy rash at any time in the
last 12 months?’; and 3) ‘Has this itchy rash at any time
affected any of the following places: the folds of the
elbows, behind the knees, in front of the ankles, under
the buttocks, or around the neck, ears or eyes?. If the
answers to questions 2) and 3) were “yes’, AD was classi-
fied as “yes” [30, 31]. The development of AD was defined
as the presence of AD in a 2-year-old child with no report
of AD at the age of 1year.

Potential confounders were selected based on a recent
systematic review [4] and previous studies [20, 21].
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Maternal age at delivery was categorized into four age
groups (18-29, 30-34, 35-39, >40years). In early preg-
nancy and at 1 month, 6 months, and 1year after delivery,
self-reported questionnaires were used to collect the fol-
lowing variables: maternal smoking status in early preg-
nancy (never smoked, quit before becoming aware of
pregnancy, quit after becoming aware of pregnancy, cur-
rently smoking); maternal educational attainment (high
school or lower, junior or vocational college, university
or higher); maternal history of AD (yes/no); and pater-
nal history of AD (yes/no). Data on the mother and on
the newborn child were collected from medical records,
including parity (primipara, multipara), maternal height
and weight at enrollment, and child sex. Maternal BMI
was calculated by using data on maternal height and
weight, and categorized (< 18.5, 18.5-24.9, >25.0 kg/mz).

Statistical analysis

Differences in characteristics by maternal psychologi-
cal distress were examined by using the chi-squared test.
Relative risks (RRs) with 95% confidence intervals (Cls)
were calculated by generalized linear model analyses to
examine the association between maternal psychologi-
cal distress in the prenatal and postnatal periods and the
development of AD in children (no maternal psycho-
logical distress in both periods; reference). The analyses
were adjusted for the mothers’ age at delivery, educa-
tional attainment, smoking status in pregnancy, maternal
history of AD, paternal history of AD, parity, maternal
BMI, and child sex. Effect modifications were examined
by generalized linear model analyses using cross-multi-
plied variables formed by maternal psychological distress
and maternal history of AD, paternal history of AD, and
child sex. There was no significant interaction for mater-
nal psychological distress and maternal history of AD,
paternal history of AD, and child sex (p >0.1). There-
fore, a stratified analysis was not conducted. An analysis
to examine the association between maternal psycho-
logical distress and the development of AD in children,
including those who reported AD at the age of 1year,
was also conducted (Additional file 2). All analyses were
performed using SAS version 9.4 (SAS Inc., Cary, NC). A
two-sided p <0.05 was regarded as significant.

Results

The characteristics of the participants are shown in
Table 1. Psychological distress was experienced by
approximately half of all women in the prenatal or post-
natal period. This included 14.3% of women in only the
prenatal period, 13.4% in only the postnatal period, and
19.0% in both periods. A total of 1169 (14.0%) children
developed AD between the ages of 1 and 2 years.
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Table 2 shows the RRs and 95% ClIs for the develop-
ment of AD in children. Maternal psychological distress
in both prenatal and postnatal periods was associated
with an increased risk of AD in children compared to no
psychological distress in both periods (crude RR, 95% CI:
1.34, 1.20-1.47). This association remained after adjust-
ing for potential confounders (adjusted RR, 95% CI: 1.34,
1.20-1.47). Maternal psychological distress in only the
postnatal period was associated with an increased risk
of AD in children compared to no psychological dis-
tress in both periods (crude RR, 95% CI: 1.22, 1.06—1.38)
that remained after adjusting for potential confounders
(adjusted RR, 95% CI: 1.23, 1.07-1.39). Maternal psy-
chological distress in only the prenatal period was not
associated with an increased risk of AD in children com-
pared to no psychological distress in both prenatal and
postnatal periods (crude RR, 95% CI: 1.13, 0.97-1.29)
that remained after adjusting for potential confound-
ers (adjusted RR, 95% CI: 1.14, 0.98-1.30). Additional
file 2 shows that maternal psychological distress in both
prenatal and postnatal periods, and in only the postna-
tal period was associated with an increased risk of AD,
whereas maternal psychological distress in only the pre-
natal period was not associated.

Discussion

This study examined the association between cumulative
exposure to maternal psychological distress in the pre-
natal and postnatal periods and the development of AD
in children. Mothers with psychological distress in both
the prenatal and postnatal periods were the most likely
to report AD in their children. Psychological distress
in only the postnatal period was also associated with
AD, whereas psychological distress in only the prenatal
period was not associated with AD.

Cumulative exposure to maternal psychological dis-
tress in the prenatal and postnatal periods was associ-
ated with an increased risk of AD in children. Chiu et al.
(2012) reported that the combined impact of high pre-
natal and postnatal maternal stress was associated with
an increased risk of wheeze in children compared to low
maternal stress in both periods (adjusted odds ratio, 95%
CIL: 3.04, 1.67-5.53) [20]. Brew et al. (2018) also found
that cumulative exposure to maternal anxiety or depres-
sion in the prenatal and postnatal periods was associated
with an increased risk of asthma in children compared
to no anxiety or depression in both periods (adjusted
odds ratio, 95% CI: 1.50, 1.08-2.09) [21]. To the best of
our knowledge, this is the first study to examine the asso-
ciation between cumulative exposure to maternal psy-
chological distress in the prenatal and postnatal periods
and AD in children. Considering that the adjusted RRs
for maternal psychological distress in only the prenatal
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Table 1 Characteristics of participants by maternal psychological distress
Total Maternal psychological distress
(n=8377)
n (%) None Prenatal only Postnatal only Both
(n=4464) (n=1198) (n=1123) (n=1592)
n (%) n (%) n (%) n (%)
Age at delivery
18-29years 2178 (26.0) 1021 (22.9) 352 (29.4) 277 (24.7) 528(33.2)
30-34years 3195 (38.1) 1694 (38.0) 457 (38.2) 455 (40.5) 589 (37.0)
35-39years 2305 (27.5) 1324 (29.7) 287 (24.0) 323(28.8) 371(23.3)
>40years 699 (8.3) 425(9.5) 102 (8.5) 68 (6.1) 104 (6.5)
Educational attainment
High school or lower 2679 (32.0) 1316 (29.5) 401 (33.5) 388 (34.6) 574 (36.1)
Junior or vocational college 3264 (39.0) 1798 (40.3) 463 (38.7) 421 (37.5) 582 (36.6)
University or higher 2434 (29.1) 1350 (30.2) 334 (27.9) 314 (28.0) 436 (27.4)
Smoking status in pregnancy
Never smoked 5382 (64.3) 2987 (66.9) 747 (62.4) 739 (65.8) 909 (57.1)
Quit smoking before pregnancy 1956 (23.4) 1010 (22.6) 276 (23.0) 260 (23.2) 410 (25.8)
Quit smoking after pregnancy 899 (10.7) 417 (9.3) 157 (13.1) 00 (8.9) 225(14.1)
Currently smoking 140 (1.7) 50(1.1) 18 (1.5) 24 (2.1) 48 (3.0)
Maternal history of AD 1019(12.2) 498 (11.2) 158 (13.2) 129 (11.5) 234 (14.7)
Paternal history of AD 547 (6.5) 284 (6.4) 84 (7.0) 68 (6.1) 1(7.0)
Multipara 4456 (53.2) 2482 (55.6) 559 (46.7) 633 (56.4) 782 (49.1)
Maternal BMI
<18,5|<g/m2 1134 (13.5) 583 (13.1) 169 (14.1) 139 (124) 243 (15.3)
18.5-24.9kg/m? 6232 (74.4) 3370 (75.5) 879 (73.4) 838 (74.6) 1145 (71.9)
>250 kg/m2 1011 (12.1) 511(11.5) 150 (12.5) 146 (13.0) 204 (12.8)
Male 4264 (50.9) 2329 (52.2) 592 (49.4) 577 (51.4) 766 (48.1)
Development of AD at the age of 2 years 1169 (14.0) 560 (12.5) 170 (14.2) 172 (15.3) 267 (16.8)

AD atopic dermatitis, BMI body mass index

period, only the postnatal period, and both periods were
1.14, 1.23, and 1.34, respectively, there may be an additive
effect.

Possible biological mechanisms underlying the asso-
ciation between each of prenatal and postnatal mater-
nal mental health problems on AD can be suggested. In
utero, maternal stress releases corticotropin-releasing
hormone (CRH) via activation of the hypothalamic-pitu-
itary-adrenal (HPA) axis [32], and CRH is transported to
the fetus through the placenta, which stimulates the fetal
HPA axis to secrete glucocorticoids [33]. This may lead
to a modification of the infant’s immune system [32]. It
was also suggested that oxidative stress potentially con-
tributes to this mechanism [13]. In the postnatal period,
high maternal stress promotes immunoglobulin E expres-
sion and the allergen-specific proliferative response in
the child. This changes immune functions and enhances
the inflammatory response in the child [34]. Addition-
ally, a distressed mother tends to lack cognitive func-
tion [35] and to express rejection of the child [36, 37].
This may lead to low responsiveness to the child’s needs
or signals [35, 36, 38]. Such a poor quality mother-infant

interaction may increase the risk of AD [37]. An animal
study also demonstrated that low maternal responsive-
ness was significantly associated with a higher inflamma-
tory stress response in the infant [39].

In regard to maternal psychological distress in only
the postnatal period, the results of the present study also
supported previous studies that found an association
between a postnatal maternal mental health problem and
AD in children [16-18]. Therefore, a caregiver’s psycho-
logical distress after delivery may be a trigger for AD to
manifest in children.

On the other hand, prenatal maternal psychological
distress was not associated with an increased risk of AD
in children. This is inconsistent with most previous stud-
ies that demonstrated an association between a prenatal
maternal mental health problem and the life or point
prevalence of AD in children [7-11, 13-17], whereas the
development of AD was examined in the present study.
Moreover, anxiety or depression was mostly examined
as an exposure in previous studies [4], and the impacts
of maternal psychological distress in the prenatal period
may be more likely to appear at an early age, for example,
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Table 2 Association between maternal psychological distress and the development of AD in children (n=28377)
Development of AD/ mother- % Crude RR Adjusted RR
child pairs (95% Cl) (95% CI)?
Maternal psychological distress
None in both prenatal and postnatal 560/4464 12.5 1.00 1.00
Prenatal only 170/1198 14.2 1.13(0.97-1.29) 1.14(0.98-1.30)
Postnatal only 172/1123 153 1.22 (1.06-1.38) 1.23(1.07-1.39)
Both in prenatal and postnatal 267/1592 16.8 1.34(1.20-147) 1.34(1.20-147)

AD atopic dermatitis, BMI body mass index, RR relative risk, C/ confidence interval

2 Adjusted for age at delivery, educational attainment, smoking status in pregnancy, maternal history of AD, paternal history of AD, parity, maternal BMI, and child sex

before the age of lyear. A nationwide study in Japan
reported that 17.0% of children manifested AD before
lyear of age, and the prevalence of AD was higher at the
age of lyear than at the age of 2 and 3years [5]. In the
present study, children who had AD at the age of 1year
were excluded. Therefore, the association between pre-
natal maternal psychological distress and AD might not
have been evident.

The present findings have some implications for
reducing the risk of AD in children. Since the cumu-
lative impacts on AD in children were identified, it is
important to enhance continuous support for mothers
through the prenatal period to the postnatal period.
A qualitative study conducted in the UK showed that
mothers experienced a lack of continuous care from the
prenatal period to the postnatal period [40]. Another
qualitative study conducted in China reported that
some mothers were willing to receive education about
pregnancy and the postpartum period from health care
professionals, whereas others were unwilling to seek
help unless their condition became serious [41]. Those
mothers thought it was irresponsible to disclose their
own negative feelings and preferred to talk to a trust-
able person, such as their own mothers, rather than
healthcare professionals [41]. Apart from healthcare
professionals, mothers’ partners may play a significant
role. A study reported that it is important that men
be involved in the care before childbirth to enhance
the couple’s relationship and women’s autonomy [42].
Moreover, another study reported that support espe-
cially from partners may reduce the risk of AD in
children [37]. In Japan, the government published a
guideline from the prenatal and postnatal support pro-
ject in 2017 and passed legislation requiring municipal-
ities to make efforts to provide support for postpartum
women in 2019 [43]. These projects are expected to
cover potential high-risk mothers and play a role in
reducing distress in every mother throughout the peri-
natal period.

The present study has several limitations. First, this
study was conducted in one of the 47 prefectures in
Japan. Therefore, the results of this study cannot be gen-
eralized. However, the TMM BirThree Cohort Study
was able to include approximately half of the newborns
in Miyagi Prefecture [22]. Additionally, since the partici-
pants in this cohort may have been interested in health
and had a willingness to participate, there may have been
a selection bias. Second, 35.3% of the participants in the
TMM BirThree Cohort Study were included in this study.
Variables that were collected at 1 or 2years after deliv-
ery tended to have missing data because of a decrease in
the follow-up rate, as reported in another cohort study
in Japan [44]. Moreover, the participants included in the
analysis were less psychologically distressed than par-
ticipants who were not included in the analysis (Addi-
tional file 1). The cohort study also reported that less
psychologically distressed mothers were more likely to
continue participation [44]. Although there was no dif-
ference in the development of AD between the partici-
pants included in the analysis and those who were not
included in the analysis, the development of AD may be
underestimated in this study, since there have been less
psychologically distressed mothers and less diagnosed as
AD in parents (Additional file 1). Finally, maternal psy-
chological distress and AD in children were assessed by
self-reported questionnaires that may have led to misclas-
sification. However, the Japanese version of the K6 scale
was validated [25], and the sensitivity and specificity of a
cut-off value of 4/5 were 100 and 68.7%, respectively [26].
A systematic review demonstrated that self-reported AD
in children might have been overestimated [45]. Moreo-
ver, mothers with psychological distress may be likely
to report that their children have poor health. A study
reported that mothers with anxiety were more likely to
report asthma in children. However, no association was
observed between maternal anxiety and a diagnosis of or
medication for asthma in children [46]. This suggests that
the health perception may be different between psycho-
logically distressed and non-psychologically distressed
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mothers. Therefore, the reports of AD may have been
overestimated in this study.

Conclusions

The present study found that cumulative exposure to
maternal psychological distress in the prenatal and post-
natal periods was associated with an increased risk of
the development of AD in Japanese children at the age
of 2years. Continuous support from partners, family
members, and society through the prenatal period to the
postnatal period may be important to improve maternal
psychological distress, which could potentially reduce the
development of AD in children.

Abbreviations

AD: Atopic dermatitis; BMI: Body mass index; Cl: Confidence interval; CRH:
Corticotropin-releasing hormone; HPA: Hypothalamic-pituitary-adrenal; ISAAC
- International Study of Asthma and Allergies in Childhood; RR: Relative risk;
TMM BirThree Cohort Study: Tohoku Medical Megabank Project Birth and
Three-Generation Cohort Study.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512884-022-04556-8.

Additional file 1.
Additional file 2.

Acknowledgements
The authors would like to express their appreciation to the mothers and
children who participated in the TMM BirThree Cohort Study.

Authors’ contributions

CK designed the study, performed the statistical analysis, and drafted the
manuscript as the principal author. KM acquired the data, provided advice
regarding content, and helped draft the manuscript. Ml, FU, AN, FM, HM, and
T. Obara acquired the data and helped interpret the results of this study. T.
Onuma contributed to the preparation of the data. SK acquired the data, pro-
vided advice regarding interpretation of the results and supervised this study.
All authors read and approved the manuscript.

Funding

The TMM BirThree Cohort Study is supported by the Japan Agency for Medical
Research and Development (AMED) under grant number JP21km0105001.
This study was supported by the Ministry of Education, Culture, Sports, Sci-
ence and Technology (MEXT) KAKENHI under grant number 19H03894, and
JST SPRING, Grant Number JPMJSP2114.

Availability of data and materials

The TMM BirThree Cohort Study data that support the findings of this study
are not publicly available due to them containing information that could
compromise research participant consent. All inquiries about access to the
data should be sent to the TMM (dist@megabank.tohoku.ac,jp).

Declarations

Ethics approval and consent to participate

The TMM BirThree Cohort Study protocol was reviewed and approved by the
Ethics Committee of Tohoku University Tohoku Medical Megabank Organiza-
tion (2013-1-103-1). All methods were carried out in accordance with the
Declaration of Helsinki. All participants provided their informed consent at

Page 7 of 8

enrollment. For participants with insufficient ability to understand the study
protocol at any age, with the Ethics Committee’s approval, informed consent
was obtained from their guardians.

Consent for publication
Not applicable.

Competing interests
KM is an Editorial Board Member of BMC Public Health. CK, MI, FU, AN, T.
Onuma, FM, HM, T. Obara, and SK declare that no competing interests.

Author details

'Graduate School of Medicine, Tohoku University, 2-1 Seiryo-machi, Aoba-ku,
Sendai, Miyagi 980-8575, Japan. 2Tohoku Medical Megabank Organization,
Tohoku University, 2-1 Seiryo-machi, Aoba-ku, Sendai, Miyagi 980-8573, Japan.
3Department of Pharmaceutical Sciences, Tohoku University Hospital, 1-1
Seiryo-machi, Aoba-ku, Sendai, Miyagi 980-8574, Japan. “Division of Public
Health, Hygiene and Epidemiology, Faculty of Medicine, Tohoku Medi-

cal and Pharmaceutical University, 1-15-1 Fukumuro, Miyagino-ku, Sendai,
Miyagi 983-8536, Japan. >Department of Disaster Public Health, International
Research Institute of Disaster Science, Tohoku University, 2-1 Seiryo-machi,
Aoba-ku, Sendai, Miyagi 980-8573, Japan.

Received: 7 June 2021 Accepted: 25 February 2022
Published online: 24 March 2022

References

1. Weidinger S, Novak N. Atopic dermatitis. Lancet.
2016;387(10023):1109-22.

2. Howlett S. Emotional dysfunction, child-family relationships and child-
hood atopic dermatitis. Br J Dermatol. 1999;140(3):381-4.

3. Yang EJ, Beck KM, Sekhon S, Bhutani T, Koo J. The impact of pedi-
atric atopic dermatitis on families: a review. Pediatr Dermatol.
2019;36(1):66-71.

4. Chan C, Law B, Liu Y-H, Ambrocio A, Au N, Jiang M, et al. The association
between maternal stress and childhood eczema: a systematic review. Int
J Environ Res Public Health. 2018;15(3):395.

5. Yamamoto-Hanada K, Pak K, Saito-Abe M, Yang L, Sato M, Irahara M, et al.
Allergy and immunology in young children of Japan: the JECS cohort.
World Allergy Organ J. 2020;13:11.

6. Sausenthalar S, Rzehak R, Chen CM, Arck P, Bockelbrink A, SchéferT, et al.
Stress-related maternal factors during pregnancy in relation to childhood
eczema: results from the LISA study. J Investig Allergol Clin Immunol.
2009;19(6):481-7.

7. Wen HJ,Wang YJ, Lin YC, Chang CC, Shieh CC, Lung FW, et al. Prediction
of atopic dematitis in 2-yr-old children by cort blood IgE, genetic poly-
morphisms in cytokine genes, and maternal mentality during pregnancy.
Pediatr Allergy Immunol. 2011,22:695-703.

8. de Marco R, Pesce G, Girardi P, Marchetti P, Rava M, Ricci P, et al. Foetal
exposure to maternal stressful events increases the risk of having
asthma and atopic diseases in childhood. Pediatr Allergy Immunol.
2012,23(8):724-9.

9. Wang lJ, Wen HJ, Chiang TL, Lin SJ, Chen PC, Guo YL. Maternal employ-
ment and atopic dermatitis in children: a prospective cohort study. Br J
Dermatol. 2013;168(4):794-801.

10. Hartwig IRV, Sly PD, Schmidt LA, van Lieshout RJ, Bienenstock J, Holt PG,
et al. Prenatal adverse life events increase the risk for atopic diseases in
children, which is enhanced in the absence of a maternal atopic predis-
position. J Allergy Clin Immunol. 2014;134(1):160-9.

11. Larsen AD, SchlinssenV, Christensen BH, Bonde JP, Obel C, Thulstrup AM,
et al. Exposure to psychosocial job strain during pregnancy and odds of
asthma and atopic dermatitis among 7-year old children - a prospective
cohort study. Scand J Work Environ Health. 2014;40(6):639-48.

12. ChengTs, Chen H, Lee T, Teoh OH, Shek LP, Lee BW, et al. An independ-
ent association of prenatal depression with wheezing and anxiety with
rhinitis in infancy. Pediatr Allergy Immunol. 2015,26(8):765-71.

13. Chang HY, Suh DI, Yang SI, Kang MJ, Lee SY, Lee E, et al. Prenatal maternal
distress affects atopic dermatitis in offspring mediated by oxidative stress.
J Allergy Clin Immunol. 2016;138(2):468-75.


https://doi.org/10.1186/s12884-022-04556-8
https://doi.org/10.1186/s12884-022-04556-8
dist@megabank.tohoku.ac.jp

Kawaguchi et al. BMC Pregnancy and Childbirth (2022) 22:242

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

Braig S, Weiss JM, Stalder T, Kirschbaum C, Rothenbacher D, Genuneit J.
Maternal prenatal stress and child atopic dermatitis up to age 2 years: the
Ulm SPATZ health study. Pediatr Allergy Immunol. 2017,28(2):144-51.
Elbert NJ, Duijts L, den Dekker HT, de Jong NW, Nijsten TEC, Jaddoe VWV,
et al. Maternal psychiatric symptoms during pregnancy and risk of child-
hood atopic diseases. Clin Exp Allergy. 2017;47(4):509-19.

El-Heis S, Crozier SR, Healy E, Robinson SM, Harvey NC, Cooper C, et al.
Maternal stress and psychological distress preconception: associa-

tion with offspring atopic eczema at age 12 months. Clin Exp Allergy.
2017;47(6):760-9.

van der Leek AP, Bahreinian S, Chartier M, Dahl ME, Azad MB, Brownell
MD, et al. Maternal distress during pregnancy and recurrence in early
childhood predicts atopic dermatitis and asthma in childhood. Chest.
2020;158(1):57-67.

Wang IJ, Wen HJ, Chiang TL, Lin SJ, Guo YL. Maternal psychologic prob-
lems increased the risk of childhood atopic dermatitis. Pediatr Allergy
Immunol. 2016;27(2):169-76.

Dietz PM, Williams SB, Callaghan WM, Bachman DJ, Whitlock EP,
Hornbrook MC. Clinically identified maternal depression before,

during and after pregnancies ending in live birth. Am J Psychiatry.
2007;164(10):1515-20.

Chiu Y-HM, Coull BA, Cohen S, Wooley A, Wright RJ. Prenatal and postna-
tal maternal stress and wheeze in urban children. Am J Respir Crit Care
Med. 2012;186(2):147-54.

Brew BK, Lundholm C, Viktorin A, Lichtenstein P, Larsson H, Almqvist C.
Longitudinal depression or anxiety in mothers and offspring asthma: a
Swedish populationbased study. Int J Epidemiol. 2018;47(1):166-74.
Kuriyama S, Metoki H, Kikuya M, Obara T, Ishikuro M, Yamanaka C, et al.
Cohort profile: Tohoku medical megabank project birth and three-gener-
ation cohort study (TMM BirThree cohort study): rationale, progress and
perspective. Int J Epidemiol. 2020;49(1):18-19m.

Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand S-LT, et al.
Short screening scales to monitor population prevalences and trends in
non-specific psychological distress. Psychol Med. 2002;32(6):959-76.
Furukawa TA, Kawakami N, Saitoh M, Ono Y, Nakane Y, Nakamura Y,

et al. The performance of the Japanese version of the K6 and K10 in

the world mental health survey Japan. Int J Methods Psychiatr Res.
2008;17(3):152-8.

American Psychological Association. APA Dictionary of Psychology.
https://dictionary.apa.org/psychological-distress. Accessed 4 June 2021.
Sakurai K, Nishi A, Kondo K, Yanagida K, Kawakami N. Screening perfor-
mance of K6/K10 and other screening instruments for mood and anxiety
disorders in Japan. Psychiatry Clin Neurosci. 2011;65(5):434-41.

Mora PA, Bennett IM, Elo IT, Mathew L, Coyne JC, Culhane JF. Distinct tra-
jectories of perinatal depressive symptomatology: evidence from growth
mixture modeling. Am J Epidemiol. 2009;169(1):24-32.

Rotheram-Fuller EJ, Tomlinson M, Scheffler A, Weichle TW, Hayati Rezvan
P, Comulada WS, et al. Maternal patterns of antenatal and postnatal
depressed mood and the impact on child health at 3-years postpartum. J
Consult Clin Psychol. 2018;86(3):218-30.

Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. Inter-
national study of asthma and allergies in childhood (ISAAC): rationale and
methods. Eur Respir J. 1995;8(3):483-91.

Odhiambo JA, Williams HC, Clayton TO, Robertson CF, Asher MI. And

the ISAAC phase three study group. Global variations in prevalence of
eczema symptoms in children from ISAAC phase three. J Allergy Clin
Immunol. 2009;124(6):1251-8.

Kuniyoshi Y, Kikuya M, Miyashita M, Yamanaka C, Ishikuro M, Obara T, et al.
Prefabricated temporary housing and eczema or respiratory symptoms
in schoolchildren after the great East Japan earthquake: the ToMMo child
health study. Disaster Med Public Health Prep. 2019;13(5-6):905-11.
Faresjo M. The link between psychological stress and autoimmune
response in children. Crit Rev Immunol. 2015;35(2):117-34.

Wright R. Stress and atopic disorders. J Allergy Clin Immunol.
2005;116(6):1301-6.

Wright RJ, Finn P, Contreras JP, Cohen S, Wright RO, Staudenmayer J, et al.
Chronic caregiver stress and IgE expression, allergen-induced prolifera-
tion, and cytokine profiles in a birth cohort predisposed to atopy. J
Allergy Clin Immunol. 2004;113(6):1051-7.

Page 8 of 8

35. Hakanen H, Flykt M, Sinervé E, Nolvi S, Kataja EL, Pelto J, et al. How mater-
nal pre- and postnatal symptoms of depression and anxiety affect early
mother-infant interaction? J Affect Disord. 2019;257:83-90.

36. Hornstein C, Trautmann-Villalba P, Hohm E, Rave E, Wortmann-Fleischer S,
Schwarz M. Maternal bond and mother—child interaction in severe post-
partum psychiatric disorders: is there a link? Arch Womens Ment Health.
2006;9(5):279-84.

37. Letourneau NL, Kozyrskyj AL, Cosic N, Ntanda HN, Anis L, Hart MJ, et al.
Maternal sensitivity and social support protect against childhood atopic
dermatitis. Allergy, Asthma Clin Immunol. 2017;13(1):26.

38. Murray L, Fiori-Cowley A, Hooper R, Cooper P. The impact of postnatal
depression and associated adversity on early mother-infant interactions
and later infant outcome. Child Dev. 1996;67(5):2512-26.

39. Kinnally EL, Martinez SJ, Chun K, Capitanio JP, Ceniceros LC. Early social
stress promotes inflammation and disease risk in Rhesus monkeys. Sci
Rep.2019;9(1):1-8.

40. Megnin-Viggars O, Symington |, Howard LM, Pilling S. Experience of
care for mental health problems in the antenatal or postnatal period for
women in the UK: a systematic review and meta-synthesis of qualitative
research. Arch Womens Ment Health. 2015;18(6):745-59.

41. NanY, Zhang J, Nisar A, Huo L, Yang L, Yin J, et al. Professional support
during the postpartum period: Primiparous mothers’views on profes-
sional services and their expectations, and barriers to utilizing profes-
sional help. BMC Pregnancy Childbirth. 2020;20(1):1-13.

42. Tokhi M, Comrie-Thomson L, Davis J, Portela A, Chersich M, Luchters S.
Involving men to improve maternal and newborn health: a systematic
review of the effectiveness of interventions. Van Wouwe JP, editor. PLoS
One. 2018;13(1):e0191620.

43. Ministry of Health Labour and Welfare. Prenatal and postnatal support
project guideline. https://www.mhlw.go.jp/content/000658063.pdf.
Accessed 4 June 2021.

44. Kigawa M, Tsuchida A, Matsumura K, Takamori A, Ito M, Tanaka T, et al.
Factors of non-responsive or lost-to-follow-up Japanese mothers during
the first year post partum following the Japan environment and Chil-
dren’s study: a longitudinal cohort study. BMJ Open. 2019;,9(11):1-9.

45. Pols DHJ, Wartna JB, Moed H, van Alphen El, Bohnen AM, Bindels PJE.
Atopic dermatitis, asthma and allergic rhinitis in general practice and
the open population: a systematic review. Scand J Prim Health Care.
2016;34(2):143-50.

46. Havland |, Lundholm C, Lichtenstein P. Neiderhiser JM, Ganiban JM,
Spotts EL, et al. The observed association between maternal anxiety and
adolescent asthma: children of twin design suggest familial effects. PLoS
One. 2013;8(6):e66040.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://dictionary.apa.org/psychological-distress
https://www.mhlw.go.jp/content/000658063.pdf

	Cumulative exposure to maternal psychological distress in the prenatal and postnatal periods and atopic dermatitis in children: findings from the TMM BirThree Cohort Study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Ethical considerations
	Variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


